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® Multi-layer paclcaging film and process. 

® The invention relates to a coextnided multi-layer transparent thermoplastic film which is substantially non- 
heat shrinkable at a temperature of 200* C and comprises an inner sealing layer and an outer abuse layer and at 
least 25% of the thickness of the film comprises ionomer. the film being 50 to 250 microns thick, which Is useful 
for packaging food products such as bone-In meat products. 
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MULTI-LAYER PACKAGING RLM AND PROCESS 



This Inverrtfon relates to' a multi-layer coextruded film suitable for packaging food products, especially 
by a skin packaging process, usually a vacuum skm packaging process, especially for the packaging of 
bonenn meat products such as steaks. 

In methods of skin packaging the packaging material generally comprises a top web and a bottom web 
5 which are each sent to the packaging station. The meat or other food to be packaged is placed onto the 
bottom web before the packaging station. The upper web comprises a film of a thenmopiastic material which 
is optionally preheated and then fed to the packaging station and over the product on the bottom web. 
There it is usually heated by contact with a heated member, for instance the inner surface of a "dome" 
which Is then lowered over the food on the bottom web. The space between the top and bottom webs 

10 around the food is then evacuated and the top web is allowed to come into contact with the bottom web and 
with the food. The top web may be held against the dome for instance by vacuum pressure which is 
released when It is desired to allow the top web to come into contact with the bottom web. Sealing of the 
top and bottom wetjs is achieved by a combination of heat from the dome and pressure difference between 
the Inside of the package and the outside atmosphere and can be aided by mechanical pressure and/or 

75 extra heating. The heat that is supplied in the process is merely to allow the web to form and take up the 
form of the food product being packaged. 

It is important that films used in the skin packaging process are substantially non-heat shrinkable since, 
as vdii t)e obvious from the foregoing description of the process, a conventional heat shrinkable material, 
which is typically shrinkable by 60 to 80% in each direction, will shrink within the "dome" and will not be 

20 suitable for packaging, in a heat shrink packaging process th@ shrinkable film is fonmed around an article to 
be packaged while being maintained at a temperature at which it does not shrink. After the package is 
sealed, optionally after being evacuated, the package is immersed in hot water or otherwise heated to 
shrink the film. The heat in the skin packaging process is in contrast to make the film suffia'ently flexible 
that it conforms to the surface of the food when the vacuum is applied. 

25 The skin packaging and developments of it process are further described in GB 1307054 and GB 
1404417. In those specifications it is stated that the film used for the packaging may be a multi-layer film 
but there is no specific disclosure of any such films. One type of film which was used in such processes 
comprised a multi-layer film A-B-C-D-C-E-F, where A is a sealing (or bonding) layer comprising an 
ionomeric resin, 6 and E are respectively inner and outer bulk layers comprising k)w density polyethylene, 

30 C are adhesive layers for joining the barrier layer D to tiie bulk layers. D Is a barrier layer and comprises 
etiiylene vinyl alcohol polymer and F is an abuse layer comprising high density polyethylene. The thickness 
of tiie two bulk layers could be similar or were sometimes different one or other of the layers being much 
thinner. 

In EP243510 tiiere are described Improved films for skin packaging in which the bulk layers are 

35 replaced by ethylene vinyl acetate copolymers, preferably having high vinyl acetate content The bonding 
layer can be ionomer. In that specification tiie maximum percentage of thickness which is lonomer is 
around 18%. Although tiie films witii high content of vinyl acetate in the etfiylene vinyl acetate layer are 
said to give good sealing for bone-in meat products we have found tiiat the film still gives a high number of 
rejects mostiy due to micro puncturing of tiie film, in particular in tiie packaging of T-bone steaks and veal 

40 steaks tiiat are tiie most difficult cuts to package. 

In GBl 600250 there are disclosed coextruded structures comprising a sealing layer of ionomer resin 
and in which one of the bulk layers is also formed of ionomer resin. The film before being stretched has a 
thickness of about BOOmicrons but Is not used for packaging in tiiis form but is biaxially orientated to 
produce a film of 10 times the area having a thickness of around 60microns. The stretched film Is heat- 

45 shrinkable and is used in heat-shrink packaging processes. 

In US4469742 heat-shrinkable films are described which can have a sealing layer of ionomer. The 
structures before stretching have a thickness of 250 to 7^0 microns and after orientation have a thickness of 
25 to 100 microns. The shrink capacity is about 30 to 55% in each direction at 85 *C, The sealing layer, 
which can be ionomer has a thickness of about 20% of the total laminate thickness. 

so According to tiie present invention a new coextruded multi-layer transparent thermoplastic film is 
substantially non-heat shrinkable at a temperature of 200*0 and comprises an inner sealing layer and an 
outer abuse layer and at least'25% of tiie tiiickness of tiie film comprises ionomer, ttie film being 50 to 250 
microns thick. 

Generally tiie bonding layer, otherwise known as the sealing layer or sealant of tiie film comprises 
ionomer. The applicant has found tiiat when ionomer comprises the bonding layer better adhesion to the 
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food product is achieved, particularly when the product is meat or other protein-conteining product Better 
adhesion prevents movement of the product relative to the film and this in turn mm.m|^ damage to tiie 
film by the product particularly when the product is a bone^n meat cut which may often contain sharp 
splinters of bom which cause punctures in the film. 

s Preferably the abuse layer comprises a polymer which has a higher melting point than the glass 
transition temperature of the components of each of the other layers of the film. The *use "ayer » the «de 
of the film whid, comes into contact with the heated frame or dome of a slan packaging app^atus TT^e 
temperature to which the film must be heated is above the glass tran«bon te-T-perature ofead^ of the 
components in order that the film is rendered flexible so as to confom» to food Pf»^"<=J <^"""9 

,0 Selling. It is preferred for the abuse layer to have a melting point higher man me f "'P^'^^ « *° 

Z film must be heated in order to minimise the transfer of softened or melted maten^from ^^V^ ^ 
the heated part of me apparatus during the processing operaUon. A suitable polymer for me abuse layer is 
high density polyemylene (HOPE), lonomer can also be used. 

Generally the laminate comprises a banrier layer. The barrier layer prevents me egress and. more 

,s importantly, the ingress of gases, such as oxygen which could omerwise -^^^9^ .f ""SlIlr^L or 
package by allowing oxidation. This bamer layer can comprise a ^y^"^"^ ^-^^^^ 
Mpolymer ahhough it is preferred for me barrier layer to comprise an ^^^^^^^^^^^ 
(EVOH). especially where me film is irradiated during production, as prefen-ed. The EVOH polymer can be 
one of mcse conventionally used as a barrier layer in coextruded films and ^'"PriseshydrDlv^ed em^ne 

20 ^nyl acetate copolymer, preferably hydrolysed to a degree of at least 50%. more preferably a 

^e moIe% of vm^ acetL is generally at least 25%. preferably at least 29%. higher proportions of v nyl 
S^tate and high^ degrees of hydrolysis giving improved banler pmperties. When me ^^^^^l^J^l 
^OH its glass transit!*^ temperature is usually me highest of me film eomponente a«d thus dete^ines the 
minimum temperature to which me film should be healed to render it flexible during me skin packaging 

"^^film can comprise additional layera. for instance bulk layers positioned between me sealing layer 
and me outer abuse layer tor instance one or more layers on one or bom sides of any *f^^y^ 
■ bulk layers may comprise any transparent memioplastic material conventionally used in wJruded films 
JhL me buUc layer or layers could comprise polyamide such as nylon, polyester or polystyrene, but is 
us^ly an emylene polymer or copolymer, for instance a block or random copolymer w,m propylene ora 
coDolymer wim vinyl acetate, preferably one wtth a relatively high vinyl acetate content for instance at least 
3e%. up to ab.it 27 mole% or higher, preferably in me range 12 to 24%. The most preferred bulk layer 
Arises an lonomer resin, it is especially preferred mat me inner bulk layer, mat is any bulk layer whid, 
is generally close to me sealing layer side of me film for Instance on me inner side of J^amer lay^ 
comprises ionomer. It is more preferable mat. in addition to me inner bulk layer any outer bulk a/er ^ a^^o 
termed of ionomer. Sometimes it may be advantageous for a bulk layer compnsing ionomer to compose 

also a layer of another polymer, usually ethylene-i/inyl acetate polymer. . , . _ ,„ „„ „, 

TTie ionomer. or ionomeric resin, which is used in me present invention is for instance a copolymer of 
emylene wim a copoiymerisable emylenically unsaturated acidic monomer, usually an ^^^^^^l^Tf^ 
rated cart»xync add. which may.be di- or more basic but is generally mono-basic for 
memacrylic acid. The tem. ionomer in mis specification covers such polymers in mejr free a«^fo™^ weB 
as me^ionised fom. The ionomer is preferably in its ionised ramer man its free acid fonn. «^ 
cation being any suitable metal ton for instance, an alkali metal ion, zinc ion or omer -"^^ 
Suitable io^omers are sold under me trade marie Surtyn mariceted by DuPont. 

especially one for a bulk layer has a relatively tow melt index. An tonomer layer may '^P^^.^"T''l^ 
ditferent lonomer types and/or layera comprising different ionomer types may be provided adjacent to one 

"'"rhe film may also comprise adhesive or tie layera to aid adhesion of adjacent components. Such 
adhesive layers are of particular importance for adhering banier layers to adjacent layers- The -"atonal used 
for me adhesive layer^ be any of mose known to be useful in adhering adjacent layers of coext^ed 
films. Suitable adhesive layera comprise for instance chemically modified emylene polymers, '"/^'"^"fe 
copolymers of emylene wim esters of emylenically unsaturated cari«,xylic acids ^'^^.^^f^V' 
ac^la^es. graft copolymera of (mem) aaylic acid, maleic acid or anhydnde or vinyl chlonde onto emy tone 
copolymers, graft copolymers of fused ring cart,oxylic anhydrides onto polyemylene. saponified 
e^e vinyr^cetate, re^n mixtures of mese and mixtures wim polyethylene or copohrmera of ethytene 
and alpha olefin. Suitable adhesive materials are sold under me trade name Plexar and are further 
described in US 4087587 and 4087588. ^ 

The film of me invention should be substantially non heat shrinkable at a temperature of 200 C and 
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preferably should be substantially non-heat-shrinkable at a temperature of 85* C or 100* C or more, for 
inslance 130* C. By substantially non-heat shrinkable we mean that when the film is heated to the specified 
temperature It shrinks by an amount of less than 25% preferably less than 20% or 10% of its dimension in 
each direction. The film can also be described as substantially non-oriented or as substantially dimension- 

5 ally stable at the above specified temperatures. The temperature of 200 * C is chosen for the assessment of 
heat shrinkability as that is the temperature of which the film is heated in the conventional skin packaging 
apparatus to render the film flexible during the packaging operation, although sometimes the film can be 
treated to even higher temperatures, for instance around 250* C. 

The film is 50-250 microns thick. Thinner films are generally insufficiently resistant to damage during 

70 packaging of bone-In meat cuts. It is unnecessary and expensive to use films thicker than 250 microns and 
in some instances such films can have worse abuse resistant properties than thinner films. Usually the film 
is in the range 75 to 200 microns thick more preferably 100 to 130 or ISO microns thick. 

The abuse layer may comprise about 3-25% of the total thickness of the film for instance being 5 to 25. 
usually 10 to 15 miax>ns thick. The bonding layer may comprise to 75%. more preferably about 3 to 25% 

75 or 3 to 10% of the total thickness for instance being 5 to 20, preferably 7 to 15 or 8 to 12 microns thick. 
Any bamer layer usually for Instance comprises up to 40%, usually up to about 20% of the total thickness, 
usually being up to 20 microns thick, preferably 5 to 15 or 7-12 microns thick. Any adhesive layers are 
generally at least 2 microns and up to 10 microns thick, best adhesion being achieved with about 3 to 10 
microns thickness. Bulk layers generally comprise up to 80 or 90% of the total thickness of the film, 

20 preferably at least 20 or more preferably at least 50% of the total thickness of the film. The bulk material Is 
preferably provided on both sides of any barrier layers the ratio of Inner bulk layer to outer bulk layer 
thicknesses being in the range 10:1 to 1:10. preferably In the range 3:1 to 1:3. for Instance about i:l. The 
total bulk layer thickness is suitably In the range 20 to 200 microns, for Instance 50 to 150 microns. 

Usually the film comprises layer or layers of lonomer resin with a total thickness of at least 30 microns 

25 preferably at least 50 to 75 microns. The thickness of the lonomer layer or layers amounts to at least 25%, 
usually at least 30 or 50% of the total film thickness. As stated above. It Is fbund to be of particular 
advantage if the inner part of the film, that is which will be towards the product to be packaged, comprises a 
high proportion of lonomer. for instance at least 50% of the thickness of the inner half of the film comprising 
tonomer. Advantageously the film comprises other components as described above, and the layer or layers 

30 of ionomer preferably comprise a maximum of 90 or 80% of the total thickness. 

The-film Is made by a conventional coextrusion process, using a suitable die, and Is usually extruded as 
a tube from a die having sufficient flow passages for all of the components. Preferably the coextruded 
laminate film is irradiated for instance with ionising radiation of about 5 to 20 MRad. preferably 8 to 16 
MBad. The irradiation results in cross-linking of the components of the films, this resulting in improved 

35 strength and improve formability. as well as better adhesion between layers. Furthermore it may also 
Improve the adhesive properties of the bonding or sealing layer to the packaged product by increasing tiie 
adhesiveness to protein. As explained above, increasing adhesion to the package product may reduce 
damage of frie film by the product during the packaging operation as well as during transport and storage. 
According to a further aspect of the invention a new process for skin packaging an article comprises 

40 placing the article on a support backing, heating a top thermoplastic film web to above the glass transition 
temperature of the components of the film, applying the heated film over the articie on the support packing, 
and applying a differential pressure across the film to draw the film into sealing engagement with the 
support backing, and the process is characterised in that the film comprises one or more layers of 
lonomeric resin the thickness of said ionomeric resin layer or layers being at least 25% of the total film 

4S thickness. 

The process is particularly suitable for packaging bone-in meat products, particulariy beef or veal 
steaks, even relatively thick steaks. 

The film is pre^rabty a new film as described above, the film being arranged so tiiat the bonding 
(sealing) layer is placed in contact with the article and the abuse layer is outermost. The process is usually 

50 of the type described in GB 1404417 or G81 307054, usually one where the film is at least partially heated 
by contact with a heated cavity. The abuse layer which contacts the heated surface is preferably one having 
a melting point higher than the temperature of the surface, to prevent softening or melting material being 
transferred to the surface of the apparatus. The support backing used in the process can comprise the 
same type of film and may be flat or shaped, for Instance, tray-shaped. The backing can be heated during 

55 the packaging process so that it will form a skin, confonming to the k>wer surfaces of the article. Usually 
however the tracking is not heated and so substantially retains its shape during the packaging process. It is 
usually preformed, for instance by thermoforming a thermoplastic film material. Usually the backing is also 
transparent, altiiough it can be opaque or coloured. 
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The following examples illustrate ihe invention: 



EXAMPLES 

' Films were made by coextruding the materials fisted In Table 1 to give 

layers have the thicknesses shown in Table 1. After extrusion the films are irradiated at a levei of 12 MRad. 
Examples 1 . 5. 6. 7 and 9 are comparative. 

Tho films a» used in farmabiRty and packaging tests. The fonnability tests are earned by usmg me 

,0 film as the top web in a Cryovac VS44 machine with conventional thermoformed trays ^ *»J?^^,*!^ 
Tp^ a ran^e of standani shaped hard plastic blocks (Cryovac is a registered d^e f,wk). TT^ese b^ 
Z^S e^of two sizes of plain rectangular block, of a dreular cylindrical block (placed flat on ttie tray). 
rTo 'a^g!:;^ "^ having TZ^ter of cin:ular c-Hies °f differing diameter fo^ 
surface The latter type of block is further described in eP243eiO. The properties that were evduated were 

« S^^de^ of the'film for bridging fomiation from the product to the tray, the ^^^1, to,d^ fi^m? 
fom.ation Cwebbing is usually fomied at comers of the blocks and compnses upngM "*^bs of foWed film) 
^Tfr^adon of pLts or longitudinal wrinkles on the upper surface of the Plal" packaged bto* ar^d. forme 
X* wim cavities, me larger of me cavities which does not have a ruptured film. Each property .s scored, 
higher values indicating better properties, and the values are added togemer. h ««. «rts 

20 Packaging perfomiance tests are also carted out For mese veal steaks, generally fo""^^ 
most likely to lead to rejected packages, were used. TTiey were prepared by me following procedure. 

a) stDtage of the loin for me time necessary to achieve a product temperature of -2 c; 

b) partial sawing of me vertebras; 

c) automatic siteing wim machine, set for a 15mm-high steate ^.^^^^ ni «,« 
2s d) two steaks were loaded on each tray wim me bones laid-down close to two opposrte wmens of me 

tray 0 e In me most crittaal position). A 2-tray across tooling, wim a tray depm of lOmm, was utlized: 

9) Too p!!Sages were produced for each formulation and checked after l-day storage at refngerated 
conditions. 

30 The results are reported in Table l . In the table tho following are used:- 



35 




ethylene-vinyi acetate polymer - figure in brackets is mole % of vinyl acetate, 
low density polyethylene 
high density polyethylene 

ethylene vinyl alcohol. ^ 



comparison of Example 1 wim examples 2-4 shows mat replacement of ^' °^ *^ "^^^T^' 

and outer EVA bulk layers by ionomer gives great improvement in me abuse resistance wimout decreasing 

* '^S-n*"of"ext:^ples 5. 6 and 7 shows mat ionomer Is far superior to LOPE and |o me free acid 
tom> of me ionomer as sealant or bonding layer, when all omer components of the film remain me same. 

C^mfL^on of examples 7 and 8 shows mat replacement of me outer bi^k layer by ionomer retains me 
forniabiiir^operties and abuse resistance. Comparison of example 8 w,m 2 and 3 shows that me use „ 

4S ^ inner ionomer bulk layer gives a mafor improvement In abuse resisfance. Ukewise c^Pa-^ °* 
examples 7. 8. 9 and 1l shows mat me incorporation of an inner bulk layer has a more significant effect on 
abuse resistance than the incorporation of an outer bulk layer. „„■„ to a 

Comparison of Examples 10 and 11 shows that decreastng me mickness of me film reduces only to a 
small extent me formability of me film but surprisingly, improves me abuse resistance. 

so Comparison of Examples 9 and 7 shows mat me mickness of me banier layer has little effect on me 
abuse resistance of the films. 
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